(12) INTERNATIONAL APPUCATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(19) World Intellectual Property Organization 
International Bureau 

(43) International Publication Date 
4 January 2001 (04.01.2001) 




PCT 



lililliiiliillllliliilliillliHi 

(10) International Publication Number 

wo 01/01208 Al 



(51) International Patent Classification': G05B 19/10 (81) Designated States (national): AE, AG, AL, AM, AT, AU, 



(21) International Application Number: PCT/GBOO/02370 

(22) International Filing Date: 19 June 2000 (19.06.2000) 
(25) Filing Language: English 



(26) Publication Language: 

(30) Priority Data: 

9914767.0 • 



English 



24 June 1999 (24.06.1999) GB 



(71) Applicant (for all designated States except US): 
NOTETRY LIMITED [GB/GB]; Kingsmead MiU, 
Utde Someifoid, Wiltshire SNIS 5JN (GB). 

(72) Inventor; and 

(75) Inventor/Applicant (for US only): BISSET, David, 
Lindsey [GB/GB]; 4 Chandler Way, Chippenham, >^^t- 
shircSNlS 3YG(GB): 

(74) Agents: SMITH, Gillian, R. et al.; Dyson Research Lim- 
ited, P.O. Box 2080, Malmesbuiy, Wiltshire SN16 OSW 
(GB). 



AZ, BA, BB, BG, BR, BY, CA, CH, CN, CR, CU, CZ, DE, 
DK, DM, DZ, EE, ES, H, GB, GD, GE, GH, GM, HR, HU, 
ID. IL, IN, IS, JP, KE, KG. KP. KR, KZ. LC. LK, LR. LS. 
LT. LU, LV, MA, MD. MG, MK, MN, MW, MX. MZ, NO, 
NZ, PL, PT, RO, RU, SD, SE, SG, SI, SK, SL, TJ. TM. TR, 
TT, TZ, UA, UG. US. UZ. VN, YU. ZA, ZW. 

(84) Designated States (regional): ARIPO patent (GH, GM, 
KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZW). Eurasian 
patent (AM, AZ, BY, KG. KZ. MD, RU, TJ, TM), European 
patem (AT. BE, CH. CY. DE. DK. ES. H. FR, GB, GR, IE. 
IT, LU, MC. NL. FT. SE), OAPI patent (BF, BJ. CF. CG. 
a. CM, GA, GN, GW. ML, MR, NE. SN. TD, TG). 

Published: 

— With international search report. 

— Before the expiration of the time limit for amending the 
claims and to be republished in the event of receipt of 
amendments. 

For two-letter codes and other abbreviations, refer to the "Guid- 
ance Notes on Codes and Abbreviations" appearing at the begin- 
ning of each regular issue of the PCT Gazette. 



(54) Title: APPUANCE USER INTERFACE 



< 
00 




(57) Abstract: A robotic appliance (10) has a user 
interface (16) for controlling the appliance. The 
interface (16) comprises a plurality of usct controls 
(40. 50. 60), each control having an indicator 
(46, 56A, 56B, 66) closely visibly associated widi 
it Each control indicator (46, 56A, 56B, 66) is 
able to provide three different visible states. The 
visible states are (a) an off state indicative that the 
associated control is not available for selection, 
(b) an invitation to operate state indicative that die 
associated control is available for selection and (c) 
a selected state indicative of the associated control 
being selected The invitation to operate state 
(b) can be represented by flashing the indicator. 
Hie user interface illiuninates one of the control 
indicators in visible state (b) and, in response to 
a user operating that control, changes the visible 
state of the control indicator to visible state (c) 
and illuminates another of the control indicators 
in visible state (b) whereby to indicate a change in 
the state of readiness-for-use of the appliance and 
to guide a user through the start-up procedure. 



wo 01/01208 



PCT/GBOO/02370 



1 

Appliance User Interface 

This invention relates to a user interface arrangement for controlling a robotic appliance, 
particularly but not exclusively to a robotic floor cleaning device such as a vacuum 
cleaner. 

Appliances usually have some form of user interface comprising a number of controls 
which a user can operate to control the appliance. A user may need to operate several of 
the controls before the appliance can begin operating, and the controls may offer the 
user a choice of values for a particular variable. This can be confusing for a user. A 
user interface for a clothes dryer is shown in US 4,372,054 where a control panel is 
divided into a plurality of sections, which are sequentially illuminated as a user makes 
their selections. 

Hie present invention seeks to provide a user interface which is more convenient to 
operate. 

Accordingly, a first aspect of the present invention provides a user interface for a robotic 
appliance by which a user can control the appliance, the interface comprising a plurality 
of user-operable controls grouped together, each control having a respective indicator 
closely visibly associated with it, each control indicator able to provide three different 
visible states, the visible states being (a) an off state indicative that the associated 
control is not available for selection, (b) an invitation to operate state indicative that the 
associated control is available for selection and (c) a selected state indicative of the 
associated control having been selected, the user interface being arranged to illuminate 
one of the control indicators in visible state (b) and, in response to a user operating that 
control, to change the visible state of the control indicator to visible state (c) and to 
illuminate another of the control indicators in visible state (b) whereby to indicate a 
change in the state of readiness-for-use of the appliance. 
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The interface has the advantage that it is easier to use by providing a visible indication 
of the functions available to the user at any particular time. Also, the interface invites 
the user to operate the plurality of controls in a defined or preferred sequence, thus 
guiding the user through the controls. The selected state of the indicators displays to the 
user previously made selections of the available controls; for example, a selection of 
speed (fast or slow) or of the brush bar (on or off). 

Preferably the invitation to operate state is represented by an on/off sequence, i.e. 
flashing, which clearly indicates to a user which of the plurality of controls needs to 
operated next. Where a control has two or more buttons, each with their own indicator, 
both of the indicators are illuminated. A control having two or more buttons can be one 
offering a selection of speed options (fast, slow) for the appliance. 

Preferably the first of the control indicators is illuminated by an on/off sequence having 
a mark/space ratio much less than unity. This can provide a sharp pulse of light which 
does not consume any significant quantity of power and yet indicates to the user that the 
appliance is ready to be activated. Such a visible state can be maintained for significant 
periods of time. 

Preferably, the second control indicator is also a light source and the visible state (b) 
also comprises an on/off sequence but having a mark/space ratio at or close to unity. 
This provides a clear signal to the user that the appliance requires operation of the 
second control before it can become operational. 

Preferably the appliance comprises means for detecting the presence of a power source 
connected to the appliance and the first stage of readiness-for-use is indicated in 
response to detecting the presence of the power source. For a robotic appliance this can 
be an onboard battery power supply. 
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Preferably, the second stage of readiness-for-use includes connecting an onboard 
processor in the appliance to the power source. 

A second aspect of the invention provides a method of operating a robotic appliance 

Further advantageous features are set out in the subsidiary claims. 

An embodiment of the invention will now be described with reference to the 
accompanying drawings, in which: 

Figure 1 is a perspective view of a robotic vacuum cleaner having a user interface 
according to an embodiment of the present invention; 

Figure 2 is a circuit diagram of a power management system, navigation system and user 
interface arrangement for the robotic cleaning device shown in Figure 1; 

Figure 3 shows one particular physical arrangement of the user interface of the cleaner 
of Figures 1 and 2; 

Figure 4 is a circuit diagram, shown in greater detail, of the user interface arrangement; 
and 

Figure 5 is a global indication state diagram of the indicators in the various stages of 
readiness of the appliances. 

Referring firstly to Figure 1 of the drawings, there is shown a robotic floor cleaning 
device in the form of a robotic vacuum cleaner comprising a main body 10, two drive 
wheels 11, a brush bar housing 12, two rechargeable batteries 13 and 14, a cyclonic 
separator 15 of the type more fully described in EP-A-0 042 723, a user interface 
arrangement 16, a light detector 17 and various sensors 27 to 31 which are used to guide 
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the cleaner. The light detector 17 detects light received from a plurality of compass 
points around the vacuum cleaner and is more particularly described in our copending 
International Patent Application No PCT/GB 99/04092. Other forms of separator such 
as a bag can be used in place of the cyclonic separator 15. 

The circuit shown in Figure 2 comprises the two rechargeable batteries 13 and 14, a 
battery and motor management system 18, a motor 19 for driving a suction fan, motors 
20 and 21 for driving the left and right hand wheels 11 of the vacuum cleaner, a motor 
22 for driving a brush bar of the vacuum cleaner, processing circuitry 23 (which 
includes a microprocessor and field programmable gate arrays), a user interface board 
26 and the light detector 17. 

The robotic vacuum cleaner is also equipped with a plurality of infrared transmitters and 
receivers 27, a plurality of ultrasonic transmitters and receivers 28 and 29, threshold 
detectors 30 for detecting the presence of a portable threshold locator placed, for 
example, at the entrance to a room or at the edge of a staircase, and one or more pyro 
electric (passive infrared) detectors 31 for detecting animals and fires. 

Referring now to Figures 3 and 4, the user interface 16 comprises three controls 40, 50 
and 60, grouped together. The first and third controls are each in the form of a single 
push-button 42, 62 which closes a switch contact 44, 64 upon operation by a user. 
Control 40 is an on/off button and control 60 selects "go" or "pause". 

The second control 50 comprises two separate buttons 52A, 52B, each of which closes a 
switch contact 54A, 54B upon operation by a user. Button 52A selects a fast speed of 
operation of the cleaner and button 52B selects a slow speed of operation of the cleaner. 

Each button 42, 52A, 52B, 62 has visually closely associated with it an indicator. In this 
embodiment, each indicator comprises a single light emitting diode 46, 56A, 56B and 
66, respectively, mounted on each button 42, 52A, 52B, 62. Alternatively, the indicator 
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could be placed next to the appropriate button 42, 52A, 52B, 62 and supported on the 
body 10, provided only that the indicator is visually closely associated with its 
respective control. The first control 40 is logically separate fi-om the other controls 50, 
60 and is connected to the battery management system via the user interface board 26 
but does not pass through the FPGA, as shown in Figure 4. Each of the remaining 
controls 50, 60 and their respective light emitting diodes 56A, 56B, 66 is connected 
directly to the FPGA or the user interface board 26. The arrangement is such that 
operation of one or other of the buttons 42, 52A, 52B, 62 can cause the respective light 
emitting diode 46, 56A, 56B, 66 to change its visible state. The visible states which can 
be adopted by each light emitting diode 46, 56A, 56B, 66 are on (i.e. continuously 
illuminated), off (i.e. not illuminated) and flashing on and off. The user interface board 
sets the visible state of each light emitting diode 46, 56A, 56B, 66 in response to user 
operation of the buttons 42, 52 A, 52B, 62. 

The operation of the specific embodiment of the user interface will now be described. 
When the batteries 13 and 14 have been charged and plugged into the cleaner, the 
battery management system 18 detects this (i.e. that the batteries 13, 14 are present and 
that they are charged). In an alternative arrangement (not shown), the batteries 13, 14 
could be charged in-situ on the cleaner. When it has been confirmed that the charged 
batteries 13, 14 are present, the light emitting diode 46 associated with the first control 
40 is put into a first visible state (a) representative of a first stage of readiness-for-use of 
the cleaner. The first visible state (a) for the light emitting diode 46 is an on/off pulse 
sequence having a mark/space ratio much less than unity, e.g. 1:100. At this point the 
processor circuitry 23 has not been connected and the indicators 56A, 56B and 66 are 
off. If the user wants to use the machine, the flashing indicator 46 invites the user to 
operate the first control 40 by pressing the button 42. 

The global indication state, i.e. the combined state of indicators 46, 56A, 56B and 66, is 
represented schematically in column A of Figure 5. 
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On operation of the control 40, the contacts 44 are closed and the battery management 
system 18 connects the processor circuitry 23 to power it up. The battery management 
system then tells the light emitting diode 46 to adopt a visible state which consists of 
continuous illumination, i.e. the indicator remains on. Thus the visible state (a) of the 
light emitting diode 46 disappears and changes to a different state (b), continuous 
illumination. This tells the user that the first control 40 has been operated. 

The cleaner is now in a more advanced state of readiness-to-run as it has charged 
batteries 13, 14 on board and its processor 23 is powered up. The processor 23 will 
check the integrity of many aspects of the cleaner and, consequent upon that check being 
successful, will energize the light emitting diodes 56A, 56B of the second control 50 to 
flash on and off, through pulse width modulators PWM, with a mark/space ratio of or 
close to unity. This constitutes visible state (b) for the light emitting diodes 56A, 56B 
of the second control SO and invites the user to operate the second control SO to take the 
cleaner to a more advanced state of readiness-for-use. The global indication state, i.e. 
the combined state of the indicators, is represented schematically by colunm B in Figure 
S. 

The user is invited to operate the second control 50 next, in preference to any other, 
because it is flashing on and off whereas the other controls 40, 60 have light emitting 
diodes which are either continuously on or continuously off. The processor 23 senses 
the state of the contacts 52A, 52B through the FPGA on the user interface board 26. 
Buttons 52A and 52B allow the user to select either a fast or slow mode of operation of 
the cleaner, depending upon requirements. In slow mode, the cleaner will clean better 
but will take longer. In fast mode, the cleaner will complete the task more quickly but 
may not clean so thoroughly on the same floor. The selection of either button S2A or 
S2B will tell the processor 23 to select the reqmred motor speed for the driving wheel 
motors (the speed of the brush bar will not change - it is the same for either selection). 
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When the appropriate button 52A or 52B is pressed (either fast or slow), the appropriate 
contacts 54A or 54B will close thereby instructing the processor 23 via the FPGA and 
the PWM circuit to change the flashing visible state of the associated light emitting 
diode 56A or 56B to a visible state in which the light emitting diode is continuously 
energised. The previously adopted flashing state, visible state (b), disappears. The fast 
or slow button indicator 56A or 56B, whichever was chosen, will then remain 
illuminated continuously. The other one of the fast and slow button indicators 56A, 
56B, i.e. the one which was not selected, is instructed by the processor 23 via the user 
interface board 26 to change the visible state to "off* so that it is no longer energized. 
This tells the user which speed of operation has been selected, and also that a selection 
has taken place. The cleaner is therefore in a more advanced state of readiness-for-use 
than it was before the second control SO had been operated because the cleaner knows at 
which speed it is required to operate. At the same time as the light emitting diodes S6A, 
56B are changed from visible state (b) to an alternative visible state, the processor 23 
energizes light emitting diode 66 to have an on/off sequence with a mark/space ratio of 
around unity. The global indication state of the indicators 46, 56A, 56B and 66 is now 
represented by colunm C in Figure 5. This invites the user to operate the third control 
60 next, in preference to any other, because its indicator is flashing on and off whereas 
the others are continuously on. 

The cleaner is now in a final state of readiness-for-use and all that is left is for the user 
to press the third control button 62 to instract the cleaner to begin its cleaning task. 
When the button 62 is pressed, the light emitting diode 66 changes from its first visible 
state, continuously flashing, to a second visible state, continuously on. This tells the 
user that the button 62 has been pressed and that the sequence of operation of the 
controls 40, 50, 60 is complete. The global indication state of the indicators is now 
represented schematically by column D in Figure 5. 

At any time during autonomous cleaning, it is possible for the user to press the go/pause 
button 62 to pause the cleaner. TTie associated indicator 66 will then change its visible 
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state and revert to flashing on and off as before. This invites the user to press the button 
62 again in order that cleaning can be resumed. Also the option of changing the speed 
will become possible by pressing the appropriate button 52A, 52B of the second control 
50. When the third button 62 is pressed, the flashing of the light emitting diode 66 stops 
and it remains continuously illuminated. 

It can be seen from Figures 3 and 5 that the grouping together of the user controls 40, 50 
and 60 and the global indicator states A, B and C, invites the user to operate one of the 
controls by making the indicator associated with that control visually distinctive within 
the group, and that operation of that visually distinctive control changes the global 
indication state and enters a new global state in which another control indicator is 
rendered visually distinctive within the group. 

The invention is not intended to be limited to the precise details of the embodiment 
described above. Other physical button arrangements are possible and other forms of 
indicator are also possible. For example, the colour of the light emitted by the light 
emitting diodes could be arranged to change in order to indicate a change of visible 
state. In such a case, each light emitting diode could be caused to change from red to 
green on operation of the associated button, so that a red light constitutes a first visible 
state and a green light constitutes a second visible state. In the global state schematic of 
Figure 5 then, the flashing state would be replaced by a continuous red light and the on 
state would, instead, be represented by a continuous green light. Off would be 
unchanged. Thus a change of state would be a change of colour. In another 
embodiment the visible states could be off, bright and dim, the bright state replacing the 
flashing state and the dim state replacing the continuously lit state in the first-discussed 
embodiment. 

The dual-speed option described with reference to buttons 52A and 52B is not essential 
to this invention. These buttons could be omitted altogether on a simpler machine 
which had no speed option and therefore only one available speed. Alternatively, the 
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arrangement could be more complex with, for example, three speed options: fast, 
medium and slow. Then again, there could be a further option in which the user is able 
to select whether or not the bmsh bar is to operate during cleaning. For example, on a 
smooth kitchen or utility room floor with no carpet, operation of the brush bar may add 
little benefit to the performance of the cleaner. Activation or otherwise of the brush bar 
could be an option to be selected either before or after the choice of speed. Other 
optional modes of operation are equally feasible. 
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Claims 

1. A user interface for a robotic appliance by which a user can control the 
appliance, the interface comprising a plurahty of user-operable controls grouped 
together, each control having a respective indicator closely visibly associated with it, 
each control indicator able to provide three different visible states, the visible states 
being (a) an off state indicative that the associated control is not available for selection, 
(b) an invitation to operate state indicative that the associated control is available for 
selection and (c) a selected state indicative of the associated control having been 
selected, the user interface being arranged to illimiinate one of the control indicators in 
visible state (b) and, in response to a user operating that control, to change the visible 
state of the control indicator to visible state (c) and to illuminate another of the control 
indicators in visible state (b) whereby to indicate a change in the state of readiness-for- 
use of the appliance. 

2. A user interface according to claim 1 wherein the invitation to operate state (b) is 
represented by an on/off sequence and the selected state (c) by steady illumination. 

3. A user interface according to claim 2 wherein there is a first control and 
indicator and a second control and indicator which are operable in that order, the 
invitation to operate state (b) of the first indicator being represented by an on/off 
sequence having a smaller mark/space ratio than the invitation to operate state (b) of the 
second indicator. 

4. A user interface according to claim 3 wherein the invitation to operate state (b) 
of the first control indicator is represented by an on/off sequence having a mark/space 
ratio much less than unity. 
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5. A user interface according to claim 3 or 4 wherein the invitation to operate state 
(b) of the second control indicator is represented by an on/off sequence having a 
mark/space ratio at or close to unity. 

6. A user interface according to any one of the preceding claims comprising means 
for detecting the presence of a power source connected to the appliance and wherein a 
first control is illuminated in the invitation to operate state (b) in response to detecting 
the presence of the power source. 

7. A user interface according to claim 6 wherein the first control is an on/off 
control. 

8. A user interface according to any one of the preceding claims wherein a first of 
the controls is an on/off control and the appliance is arranged, in response to a user 
operating the first control, to connect a processor in the appliance to the power source. 

9. A user interface according to claim 8 wherein the processor is aixanged to 
perform a check before illuminating the second of the controls. 

10. A user interface according to any one of the preceding claims wherein the final 
control, in the order of operation, is a start control for the appliance. 

11. A user interface according to any one of the preceding claims wherein one of the 
controls offers a selection of speed of operation of the appliance. 

12. A user interface according to any one of the preceding claims for a robotic floor 
cleaning device having a brush bar wherein one of the controls offers a selection of 
using a brush bar on the device. 
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13. A user interface according to any one of the preceding claims, wherein at least 
one of the user-operated controls comprises a plurality of buttons, each button having an 
indicator closely visibly associated with it, the buttons representing choices for a feature 
of the appliance. 

14. A user interface according to any one of the preceding claims, wherein each 
control indicator is located on the respective control. 

15. A user interface according to any one of the preceding claims wherein the 
controls are physically arranged in the order that they are operated. 

16. A robotic appliance including a user interface according to any one of the 
preceding claims. 

17. A method of operating a user interface for a robotic appliance, the interface 
comprising a plurality of grouped user-operable controls by which a user can control the 
appliance, each control having a respective indicator closely visibly associated with it, 
each control indicator being capable of taking three different visible states, the visible 
states being (a) an off state indicative that the associated control is not available for 
selection, (b) an invitation to operate state indicative that the associated control is 
available for selection and (c) a selected state indicative of the associated control having 
been selected, the method comprising: 

- illuminating one of the control indicators in visible state (b); 

- determining when a user operates that control, changing the visible state of the 
control indicator to visible state (c) and illuminating another of the control indicators in 
visible state (b) whereby to indicate a change in the state of readiness-for-use of the 
appliance. 

18. An appliance substantially as described herein with reference to the 
accompanying drawings. 
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